Abstract: This article discusses the limitations of traditional national cause of death statistics. These limitations derive from an attempt to conceptualize a multidimensional phenomenon and reduce down to a unidimensional framework. The article outlines the characteristics of a new multidimensional approach which involves the codification and tabulation of all causes (multiple causes) listed on death certificates. Preliminary data are presented which illustrate that multiple cause of death data do indeed represent a major new dimension to cause of death statistics. These data indicate that most major causes of death are contributory factors in many deaths in which they
Introduction
Vital statistics based on causes of death in the United States have been derived traditionally from a unidimensional concept of medical data. Recent research and development activities, however, have opened up avenues to the production of cause of death statistics based on multidimensional concepts. This paper outlines the basis for the unidimensional concept and its advantages and limitations; advocates the multidimensional approach as a major new extension to present data; and presents preliminary data to illustrate this new dimension in cause of death statistics.
Materials and Methods

Underlying Cause of Death: A Unidimensional Approach
The underlying cause of death is defined as "the disease or injury which initiated the train of morbid events leading directly or indirectly to death or the circumstances of the accident or violence which produced the fatal injury."' It is selected from an array of conditions given in the cause of death section of the death certificate based on the placement of conditions on the certificate, provisions of the classification structure contained in the International Classification Furthermore, the underlying cause of death, when identified through application of the selection and modification rules, frequently differs from that stated by the certifier. The underlying cause of death statistic includes no provision for classifying the nature of injuries. Instead, it is restricted to the external cause of injury. Multiple Causes: A Multidimensional Approach Twenty years ago, the limitations of the underlying cause concept and the pressing need for more comprehensive medical data in epidemiological and morbidity research suggested to Dorn, Moriyama, and others that all information in the cause of death certification should be coded, tabulated, and disseminated on an ongoing basis.78 Dorn went so far as to state that the underlying cause of death was something of a dogma which had outlived its usefulness and was even bringing rigor mortis into mortality statistics. He felt that mortality statistics should recognize the fact that many people die with more than one disease, and that the most effective way to really understand and interpret the complex of morbid events leading to death was to come to grips with this reality in our statistical programs.
The Twentieth World Health Assembly defined the causes of death to be entered in the cause of death statement as "all those diseases, morbid conditions or injuries which either resulted in or contributed to death and the circumstances of the accident or violence which produced any such injuries."9 These causes, which also include the underlying cause of death, are hereafter referred to as "multiple causes" and constitute the basis for more meaningful cause of death statistics than are presently provided under the underlying cause of death concept.
However, multiple cause of death data should not and, in fact, cannot serve as a replacement for underlying cause of death data. The traditional measure remains essential for trend statistics and comparability with other countries, and is a useful, one dimensional indicator of the condition which triggered the events leading to death. Thus, multiple cause data are seen as a major new dimension to mortality medical statistics, rather than as a substitute measure.
Multiple cause data can contribute to our understanding about the nature of the disease process and death in four areas. First, it is the only information available on the number of deaths in which a given disease is a contributing factor in leading to death. Based on a prior knowledge of the nature of diseases, one would hypothesize that this information would be extremely valuable for many diseases including diabetes, emphysema, bronchitis, pneumonia, and arthritis which are not immediately life threatening or "underlying." Second, multiple cause of death statistics can provide information about the interaction of diseases leading to death which would otherwise be lacking. Many complex chains of events need to be sorted out to determine conditions which significantly interact with each other as opposed to those which are extraneous to the sequence. We know that an acute myocardial infarction can be caused by arteriosclerosis. Is this relationship empirically verifiable from the perspective of either causality or joint occurrence? To what extent are three-way and four-way interactions among diseases significant?
Third, multiple cause of death data provide information on the nature of the injury sustained in deaths from accidents, poisoning, or violence. We know from underlying cause statistics that approximately 47,000 people die in motor vehicle accidents annually'0 but we do not know how many of these accidents resulted in a fracture, sprain, intracranial injury, internal chest injury, etc. The multiple cause of death data classification process is designed to use both the nature of injury and the external cause sections of the ICDA so that both aspects of the event are recorded in a manner whereby joint analysis of cause and effect can take place.
Fourth, multiple cause of death data provide information on the viability of the rules for underlying cause of death coding and the accuracy of the certification process itself. Because all conditions reported on death certificates are coded, one can compare actual reporting practices with the agreed upon conventions for reporting. For example, one can determine whether certifiers are reporting conditions in an ascending order of causal sequence such that the disease on one line of the certification can cause the disease above it; whether multiple causes are reported on a line in Part I when the guidelines for completion call for only one disease per line; and the extent to which the certifier's underlying cause (condition reported on the lowest used line of Part I of the certificate) is also the assigned underlying cause.
Data Availability
The first continuing national system for multiple cause of death data production is now in the process of being implemented by the National Center for Health Statistics (NCHS). By late 1982, data from 1968-1978 will be available through public use tapes. Although there have been a few past efforts by states, NCHS, and private groups over the last several decades,"-'5 none has been as significant in scope or goals as the current program. The present program is based in three major computer systems: ACME, TRAN-SAX, and RETRIEVE.'6 ACME (Automated Classification of Medical Entities) is designed to automatically assign the underlying cause of death to each death record based on codification of each condition reported on the death certificate. TRANSAX (Translation of Axis) is designed to translate the axis of classification of the input multiple cause of death data into a form amendable to tabulations and analysis. RETRIEVE (Retrieval of Data) is designed to produce tailor-made tabulations from the data to use in annual core tables, analytical reports, and answering requests for data. The following section presents some of the first data produced by these three joint systems. 1.00 would represent perfect association and a value of 0.00, no association). Thus, one concludes that there is a moderate level of association between these two diseases. This crude analysis must, of course, be extended to other dimensions introducing control variables such as age or sex and also additional disease variables to be meaningful. Over time and with an appropriate conceptual framework and methodology, a network or pattern of diseases revolving around diabetes can be established in terms of their relative contribution and interaction in leading to death. In Table 3 , nature of injury and external cause data are presented based on mention of broad categories of each type on death certificates. On approximately 11 per cent of death records (206,434), both a classifiable nature of injury and classifiable external cause are reported. On 1 per cent of the certificates, a classifiable external cause is reported but without a corresponding nature of injury.*** Accidental deaths (157,961), suicides (26,983), and homicides (19, 743) are reported on 76 per cent, 13 per cent, and 9 per cent respectively of the records which have an external cause code reported. Forty-five per cent of the records on which nature of injury codes are assigned contain mention of an adverse effect of a medicinal agent, nonmedicinal agent, or some other adverse effect. Fractures, sprains, and dislocations (25 per cent), intracranial injuries (23 per cent), internal injuries (15 per cent) , and open wounds (15 per cent) are also assigned on relatively high percentages of records with nature of injury codes. The relationship of nature of injury codes to external cause codes is such that they generally pair with one another in selective combinations.'9 Thus, as shown in Table 3 , for records on which a motor vehicle accident is reported as an external cause, a wide range of ***By definition of the coding rules, when a nature of injury (effect) is coded, an external cause of injury must also be coded or imputed; however, an external cause may be coded without coding a nature of injury. The coding rules do not require pairing of nature of injury and external cause codes so one must infer or assume the logical pairs when multiple pairs are coded. ( including those with only one condition), the assigned underlying cause is entered alone on the lowest used line of Part I. On the remaining 45 per cent, it is either found as a specific code in other parts of the medical certification (39 per cent) or cannot be located because the assigned underlying cause represents a combination of more than one entity in the certification (6 per cent). On 13 per cent of the certificates, it is entered on the lowest used line but not alone as stipulated in the instructions for certificate completion. On 22 per cent of the certificates, the underlying cause is entered on an upper line in Part I; and on 4 per cent of the certificates, it is entered in Part II as a contributory condition.
The Table does not shed light on the reasons for these disparities. This will be pursued in further investigation to determine whether they arise from certification problems, inadequacies in the rules for underlying cause selection and Answers to these questions can be pursued by building a conceptual model based on multi-dimensional causality, then empirically challenging it using multiple cause data, revising the model, subsequently rechallenging it, etc. In this manner, theories concerning mortality causation can be tested, refined, and ultimately used to reduce disease prevalence. A national multiple cause of death statistical program is a vital element in carrying out this activity in an effective manner.
